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LOW-GRAVITY IMPACT EXPERIMENTS: PROGRESS TOWARD A FACILITY D E F I N I T I O N  
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Innumerable e f f o r t s  have been made t o  understand the  c r a t e r i n g  process  
and i t s  r a m i f i c a t i o n s  i n  terms of  p l a n e t a r y  o b s e r v a t i o n s ,  d u r i n g  which the  
r o l e  of g r a v i t y  has  o f t e n  come i n t o  q u e s t i o n .  Well-known f a c i l i t i e s  and 
experiments  both have been devoted i n  many cases  t o  un rave l ing  the  
c o n t r i b u t i o n  of  g r a v i t a t i o n a l  a c c e l e r a t i o n  t o  c r a t e r i n g  mechanisms. Included 
aiiioiig t h e s e  a r e  the  explos ion  esperiments  i n  low-gravi ty  a i r c r a f t  performed 
by Johnson e t  al. (l), the cirop-platform experiments of  Gaul t  and Wedekind(?),  
i i l l c i  the  h igh -g  c e n t r i f u g e  experiments of Holsapple and Schmidt. ( 3 , 4 )  
Considerable  i n s i g h t  i n t o  the  e f f e c t s  of g r a v i t y ,  among o t h e r  f a c t o r s ,  has  
lieen gained through s t u d i e s  exemplif ied by those c i . t ed  above. Even s o ,  otihcr 
avenues of  i n v e s t i g a t i o n  have been out  of  reach t o  workers conf ined  t o  t'lic 
t c r r e s t r i a l  l a b o r a t o r y .  I t  i s  i n  t h i s  l i g h t  t h a t  chc Space S t a t i o n  i s  1 ~ e i . n ~ ;  
csamincd as a v e h i c l e  with the p o t e n t i a l  t o  suppor t  unique and otherwise 
i.iiipractica1 impact experiments .  This  r e p o r t  summarizes the  r e s u l t s  of 
s t i idies  performed by members of t he  p l a n e t a r y  c r a t e r i n g  community; the i i r  
nniiies and a f f i l i a t i o n s  a r e  l i s t e d  below. 

S c i e n t i f i c  Ra t iona le  and ExDeriment Types - - The microgravi ty  Cnviroimeiit i s  
u s e f u l  i n  two b a s i c  ways. F i r s t ,  wi th  some coaxing,  i t  can permi t  d i r e c t  
exper imenta t ion  a t  t he  g r a v i t y  l e v e l s  c h a r a c t e r i s t i c  of  the v a s t  ma jo r i ty  o f  
p l ane ta ry  o b j e c t s  i n  the So la r  System. Second, v i r t u a l  we igh t l e s sness  is a 
f a c t o r  t h a t  enab le s  the  execut ion  of experiments t h a t  a r e  i n o r d i n a t e l y  
d i f f i c u l t  o r  p r a c t i c a l l y  impossible  t o  accomplish i n  a c o n s t a n t  1 -6  
environment.  Thus,  t he re  a r e  t h r e e  b a s i c  types of impact experiments  t h a t  
cou1.d be performed i n  a Space S ta t ion - suppor t ed  l a b o r a t o r y :  d i r e c t  simu1at:ion 
(o f  a s t e r o i d a l  r e g o l i t h s ,  f o r  i n s t a n c e ) ,  p rocess  s t u d i e s  ( e . g . ,  c o l l i s i o n a l  
d i s r u p t i o n  o f  weakly bound, f r e e - f l o a t i n g  o b j e c t s ) ,  and examinat ion of  
s c a l i n g  r e l a t i o n s h i p s  ( t h e  c o n t r o l  of c r a t e r  s i z e  and geometry,  f o r  example, 
hy f o r c e s  t h a t  a r e  s a f e l y  n e g l i g i b l e  i n  h ighe r  g r a v i t y  f i e l d s ,  such as 
c l c c t r o s t a t i c  a t t r a c t i o n ) .  
in;i.jority of  exper imenta l  d a t a  have been c o l l e c t e d  a t  l-g. Empir ical  
c s  t:iiiiates of e j e c t a - d e p o s i t  t h i cknesses ,  f o r  i n s t a n c e ,  r e l y  p r i m a r i l y  on 
t . e r r c s t r i a 1  impact-  and e x p l o s i o n - c r a t e r i n g  d a t a . ( 5 , 6 , 7 )  On t h e  o t h e r  hand,  
t h e o r e t i c a l  p r e d i c t i o n s  e x i s t  ( 8 , 9 ) ,  b u t  they  remain t o  be t e s t e d  a t  
d i f f e r e n t  g r a v i t y  l e v e l s .  

The  Space S t a t i o n  I m p a c t  F a c i l i t y  - -  The des ign  of  an iiiipact f a c i l i t y  f o r  t h e  
Space S t a t i o n  i s  be ing  pursued w i t h i n  t h e  framework of  t he  d e s i r e d  
c a p a b i l i t i e s  and goa l s  of  exper imenta t ion  t h a t  would be performed wi th  i t .  
Among the  requi rements  imposed by the  group a r e  

I t  must be kep t  i n  mind t h a t  t he  overwhelming 

o High impact v e l o c i t i e s  ( a t  l e a s t  6 km/s) 
o A s  l a r g e  an  impact chamber as p o s s i b l e  ( t o  accommodate, f o r  i n s t a n c e ,  

t h e  l a r g e  c r a t e r s  t h a t  would be formed a t  low g r a v i t y  l e v e l s )  
o A v a r i e t y  o f  d a t a - g a t h e r i n g  methods ( f i l m ,  v ideo ,  o s c i l l o g r a p h ,  

d i g i t a l )  
o Maximum f l e x i b i l i t y  i n  accommodating t a r g e t s  of d i f f e r e n t  types 

( r ang ing  from massive c o n t a i n e r s  of noncohesive m a t e r i a l  t o  s o l i d ,  
f r e e - f l o a t i n g  o b j e c t s )  

p e r i o d s  o f  time f c r  chamber l i g h t i n g  and h igh-speed  camera 
o p e r a t i o n )  

0 Peak e l e c t r i c a l  power c a p a b i l i t y  of  -25 kW (necessary  f o r  s h o r t  

0 A b i l i t y  t o  suppor t  a c c e l e r a t i o n  l e v e l s  over  t he  range o f  0 -0 .2g .  
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Discussion - -  These were l e v i e d  wi th  minimal r e s t r i c t i o n  of  t h e  d e f i n i t i o n  
process  t o  d e t a i l e d  Space S t a t i o n  c a p a b i l i t i e s  as c u r r e n t l y  env i s ioned .  
Thus, i t  i s  a v i r t u a l  c e r t a i n t y  t h a t  a c t u a l  v e h i c l e  performance w i l l  r e s u l t  
i n  some r e t h i n k i n g  of t h e s e  and o t h e r  requi rements .  
I n i t i a l  Opera t iona l  C a p a b i l i t y  (IOC) v e r s i o n  of  the  Space S t a t i o n  w i l l  be 
cons ide rab ly  more s p a r t a n  i n  i t s  a b i l i t y  t o  suppor t  t he  s o r t  of f a c i l i t y  
desc r ibed  above. Neve r the l e s s ,  a v a r i e t y  o f  very  i n t e r e s t i n g  experiments  
could s t i l l  be performed; i n  p a r t i c u l a r ,  those  no t  r e q u i r i n g  v a r i a b l e  g r a v i t y  
l e v e l s  would be w e l l - s u i t e d  t o  the  I O C  f a c i l i t y .  Not on ly  would they provide 
new s c i e n t i f i c  d a t a ,  b u t  they would a l s o  se rve  t o  e s t a b l i s h  exper imenta l  
procedures  i n  t h e  Space -S ta t ion  environment.  This  c spe r i ence  would then 
provide a va luab le  foundat ion  f o r  ope ra t ions  wi th  the expanded f a c i l i t y  o n  
the  post-IOC S t a t i o n .  

I n  t h i s  v e i n ,  t he  

A t  t h i s  e a r l y  s t a g e  i n  the  d e f i n i t i o n  o f  the  f a c i l i t y ,  the  type o f  
p r o j e c t i l e  a c c e l e r a t o r  is u n c e r t a i n ;  r a p i d  advances i n  r a i l g u n  and o t h e r  
r e l a t e d  technologies  por tend  a preca r ious  f u t u r e  f o r  l i g h t - g a s  guns ,  
e s p e c i a l l y  i n  terms of the  p o t e n t i a l  f o r  h igh  v e l o c i t i e s  e x h i b i t e d  by the  
former.  (Should t h e  e lec t romagnet ic  a c c e l e r a t o r s  be inco rpora t ed ,  t h e i r  
penchant toward h i g h - v e l o c i t i e s  might permi t  t h e i r  use i n  meteor s t u d i e s ,  i n  
which p r o j e c t i l e s  of  v a r i o u s  phys ica l  p r o p e r t i e s  would be launched i n t o  the 
atmosphere.  The r e s u l t i n g  a r t i f i c i a l  meteors would then  be examined 
s imul taneous ly  from below above.)  

T h e  requirements  of a l a r g e  t a r g e t  chamber and v a r i a b l e  g r a v i t y  a r e  
somewhat uncompromising i n  an engineer ing  s e n s e .  I t  i s  l i k e l y  t h a t  
c e n t r i f u g a l  f o r c e  w o u l d  be employed t o  y i e l d  the  des i r ed  acce le ra t ions  i n  the 
post-IOC v e r s i o n ,  b u t  t he  l a r g e  volume requ i r ed  e s s e n t i a l l y  e l i m i n a t e s  simple 
c e n t r i f u g e s  as  cand ida te  mechanisms. I t  i s  suggested i n s t e a d  t h a t  a 
detachable  module o r  modular a r r a y  be inc luded  as p a r t  of t h e  post-IOC the  
Space S t a t i o n ,  c a r r y i n g  i t s  own guidance and p ropu l s ion  c a p a b i l i t y .  I t  would 
then s e p a r a t e  from the  S t a t i o n  t o  a s a f e  d i s t a n c e  and " s p i n  up" t o  genera te  
the  d e s i r e d  g - l e v e l .  Numerous experiments  needing v a r i a b l e  a c c e l e r a t i o n s  
would b e n e f i t  from t h i s  c a p a b i l i t y .  

A number of  t e c h n i c a l  a r e a s  have been i d e n t i f i e d  which could  provoke 
some d i f f i c u l t i e s  u n l e s s  s t u d i e s  a r e  undertaken t o  determine remedial  
s o l u t i o n s  o r  procedures .  Targe t  p r e p a r a t i o n  and hand l ing ,  f o r  i n s t a n c e ,  
e s p e c i a l l y  i n  t h e  case  of f ragmental  o r  l i q u i d  m a t e r i a l s ,  w i l l  pose some 
cha l l enges ;  n o t  on ly  would i t  be a more d i f f i c u l t  ma t t e r  t o  f a b r i c a t e  a 
t a r g e t  of sand o r  some o t h e r  f ragmental  m a t e r i a l  i n  low t o  z e r o  g r a v i t y ,  b u t  
the  f l o a t i n g  s i l i c a t e s  would pose a n o n t r i v i a l  h e a l t h  haza rd .  The abso lu te  
s i z e  of t h e  t a r g e t  chamber i s  s t i l l  somewhat i n  q u e s t i o n ,  s i n c e  t h e o r e t i c a l  
p r e d i c t i o n s  and e x t r a p o l a t i o n s  of  exper imenta l  d a t a  are t h e  on ly  sources  of 
in format ion  on c r a t e r  s i ze  a t  t h e  low g - l e v e l s  t h a t  would be employed. The 
i s s u e  is complicated somewhat by t h e  l i k e l i h o o d  t h a t  s t r e s s  waves r e f l e c t e d  
from t h e  w a l l s  o f  t he  t a r g e t  c o n t a i n e r s  could  be r e l a t i v e l y  more severe  than  
t h e i r  g e n e r a l l y  ignorab le  c o u n t e r p a r t s  i n  t h e  terrestr ia l  l a b o r a t o r y .  

Many of  t h e s e  t e c h n i c a l  cha l l enges  could  be approached through j u d i c i o u s  
exper imenta t ion  on t h e  NASA KC-135 Reduced Grav i ty  A i r c r a f t  and/or t he  l a r g e  
NASA drop  towers .  These f a c i l i t i e s  can provide  suppor t  over  a wide range of 
experiment c o n d i t i o n s  and g r a v i t y  l e v e l s ,  pe rmi t t i ng  eng inee r ing ,  procedura l ,  
and, most s i g n i f i c a n t l y ,  s c i e n t i f i c  ques t ions  t o  be addressed  i n  some d e t a i l .  
With the  b e n e f i t  o f  such expe r i ences ,  p lanning  f o r  t he  Space S t a t i o n  f a c i l i t y  
could be c a r r i e d  o u t  wi th  s u b s t a n t i a l l y  more confidence.  
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